Mammalian proteolytic enzymes are known to have functions related to body defense and to various mechanisms such as mechanism of cell cycle progression, apoptosis and tumorgenesis. Among the proteolytic events, limited hydrolysis of substrates plays key roles in triggering various biological events, including blood coagulation, 1) immune response and viral infection. 2, 3) The serine proteases trypsin and trypsinogen play roles in the pathogenesis of various diseases, including Alzheimer's disease 4) and pneumotropic virus infection. Of the trypsinogens, trypsinogen IV, which is specifically expressed in the human brain, and trypsinogen I are thought to play roles in the metabolism of amiroid precursor protein 5) and in triggering Sendai virus multiplication in the rat lung, 6) respectively. The other cell-and/or tissue type-specific serine proteases, including new serine proteases expressed in cytotoxic T lymphocytes, 7, 8) liver, 9) submaxillary gland, 10) tumor cells 11) and during adipocyte differentiation, 12) have also been identified. It is known that some serine proteases, including trypsins and chymases, are synthesized in a form of prepro-proteins in cells and that their active forms are secreted from cells after they are processed with other enzymes. 13) Trypsins, proteases belonging to the serine protease family of proteins, hydrolyze both arginyl and lysil peptide bonds of proteins and are thought to play an important role in the processing of other proteases such as chymotrypsinogens.
We previously reported that three proteases of Tryptase Clara, a novel trypsin-like protease in Clara cells of the rat bronchial epithelium, 14) mini-plasmin in the epithelium of upward divisions of the rat bronchus 15) and ectopic anionic trypsin I in rat lungs, 6) triggered pneumotropic virus multiplication by limited hydrolysis of viral envelope glycoproteins. Of these glycoproteins, it was found that hemagglutinin [HA] of influenza virus and fusion glycoprotein [F 0 ] of Sendai virus enable these viruses to fuse and to multiplicate target cells. Since different susceptibilities of these proteases to HA and F 0 of various subtypes of viruses are evident, 15) it is thought that these proteases in the rat airway determine the host range, tissue specificity and pathogenicity of viral infection. We have also found that mucus protease inhibitor (MPI), major inhibitor of granulocyte elastase present in lining fluids of human respiratory tracts, significantly inhibited proteolytic activity of Tryptase Clara toward the above viruses. 16, 17) These findings suggest that like rat serine proteases, there are human serine proteases that are specifically expressed in the human airway and induce the infection of influenza virus. To investigate these possibilities, we tried to clone cDNAs encoding human serine proteases using human lung cDNA library and obtained a novel protease, named trypsinogen hL. The results showed that the trypsinogen hL, different from trypsines I-III expressed in the pancreas, 18, 19) was specifically expressed in the human lung and therefore categorized in a new member of the trypsinogen family.
MATERIALS AND METHODS
Cloning of hL-SP17 Sequences of the nucleotides used for PCR were as follows: His-mix, 5Ј-GGCNGCNCAYTGY-3Ј; Ser-mix (1), (5Ј-GNGGNCCNCCNGARTC-3Ј; Ser-mix (2), 5Ј-GNGGNCCNCCRCTRTC-3Ј. The reaction mixture contained primers of 1 mg of His-mix, 4 mg of Ser-mix (1) and 4 mg of Ser-mix (2), 100 ng of human lung cDNAs inserted into pGAD10 (GeneLand Labs.) as templates and 2.5 U of Taq polymerase (Gene taq, Nippon Gene), and the reaction was carried out for the first 5 min at 94°C, then for 30 cycles of 1 min at 94°C followed by 2 min at 55°C and finally for 3 min at 72°C. After the amplified DNA fragments had been extracted from the mixture and then inserted into pCR-Blunt (Invitrogen), their nucleotide sequences were determined. After homologies of DNA sequences obtained were searched using GenBank database, a novel cDNA encoding a protease, hL-SP17, was chosen. To obtain a fullsized cDNA of hL-SP17, two cycles of 5Ј-RACE reactions were carried out. A reaction mixture for first cycle contained 1 mg each of the two primers 17RV-1 and 5Ј-GAL-AD, and Molecular cloning of cDNA encoding a new member of the trypsinogen family, named trypsinogen hL, was carried out by PCR using human lung cDNAs as templates. The primary structure of trypsinogen hL was found to be a prepro-protein and a catalytic triad, 64His, 108Asp and 201Ser. It was also found that trypsinogen hL is specifically expressed in the human lung, the expression level being 30-times higher than those in other tissues tested. A phylogenic tree analysis showed that trypsinogen hL is a new member of the trypsinogen family, a family of serine protease family proteins.
100 ng of human lung cDNAs described above as templates. The reaction mixture for second cycle contained 1 mg each of the two primers 17NB-2 and 5Ј-GAL-AD, and 10 ng of PCR products of the first reaction. Nucleotide sequences of 17RV-1, 17NB-2, both of which were derived from hL-SP17, and 5Ј-GAL-AD, which was derived from pGAD10, are 5Ј-AA-CATGTTGCTAGTGATC-3Ј, 5Ј-AGCTGATGGACAAGAT-CT-3Ј and 5Ј-TACCACTACAATGGATG-3Ј, respectively. Two cycles of 3Ј-RACE reactions were then performed by the same method as that used for the 5Ј-RACE reaction except for the use of the primers 17NB-1(ϩ) for first reaction, 17NB-2(ϩ) for second reaction and EcoRI(dT)15, whose sequences are 5Ј-AAGACAGCTGCCACCCTC-3Ј, 5Ј-AGAT-CTTGTCCATCAGCT-3Ј and 5Ј-GGGAATTCGCTTTTTT-TTTTTTTTT-3Ј, respectively. The full-length cDNA was then constructed by ligating a SalI-BglII fragment with a BglII-EcoRI fragment, which were derived from 5Ј-and 3Ј-RACE reactions, respectively.
RT-PCR cDNA was synthesized using the oligo dT primer, BcaBEST polymerase (Takara Co., Ltd.) and 5 mg of polyA(ϩ) RNA derived from human heart, liver, lung and pancreas (Clontech) as templates. Four mg of first strand of cDNA products were amplified with 200 pmol of specific primers, 17FW-6 and 17NB-1, for 35 cycles of 30 s at 94°C, 30 s at 55°C and 2 min at 72°C. The nucleotide sequences of 17FW-6 and 17NB-1 primers were 5Ј-TTGCTCTCCCC-CTGGATG-3Ј and 5Ј-GAGGGTGGCAGCTGTCTT-3Ј, respectively. The amplified products were separated on a 1.2% agarose gel and stained with ethidium bromide.
Northern Blot Analyses Northern blot analyses were carried out using multiple Northern blot sheets of human tis- sues (MTN blot, Clontech) with 32 P-labeled specific probes of genes. The probes used were SalI-PstI fragment of trypsin hL cDNA and the full-sized b-actin cDNA.
RESULTS AND DISCUSSION
To identify serine proteases that are specifically or preferentially expressed in the human lung, we screened cDNAs encoding such proteases. To this end, PCR was carried out in a reaction mixture containing oligonucleotides corresponding to nucleotide sequences of conserved peptide motifs (histidine: AAHC, serine: DSGGP) in serine protease family proteins as primers and human lung cDNAs as templates, and 220 clones were obtained. A database search of these sequences using the BLAST program of the GenBank database revealed 3 clones contained the same cDNA, hL-SP17, that encodes a novel serine protease but has sequences homologous to those of trypsinogen. It was named trypsinogen hL. Since this clone was found not to be a full-sized cDNA, 5Ј-RACE reaction was carried out by using the two primers 17NB-2 and 5Ј-GAL-AD with human lung cDNAs as templates.
The nucleotide and deduced amino acid sequences of this clone are shown in Fig. 1 . The cDNA is comprised of 880 bp, including a polyadenylation signal (TATCAA) and polyadenines, and encodes a protein whose calculated molecular mass is 26400. Since the nucleotide sequences around the first ATG matched well with those of the Kozak consensus, 20, 21) this ATG was determined to be an initiation codon. Since the trypsinogen hL encoded by this cDNA was found to contain a putative signal peptide corresponding to hydrophobic amino acids 1-15 and a putative enterokinase cleavage site, DDDDK, it is thought that the trypsinogen hL protein is organized in a pre-pro form in a similar manner to that of other trypsinogens so far reported. It was found that the amino acid sequence of an active site of trypsinogen hL, which forms catalytic triad residues, 64His, 108Asp and 201Ser, was conserved compared to those in to trypsinogen I-IV (Fig. 1, shown by bold letters and underlines) . The isoelectric point of a mature form of trypsin hL calculated by the deduced amino acid sequence using a public program (http://kr.expasy.org/tools/pi_tool.html) was 8.71, which is different from those of human trypsin I, II, III and IV, i.e., 7.64, 5.05, 7,07 and 6.56, respectively.
The amino acid sequences of trypsinogen I-IV were aligned (Fig. 2) , and it was found that identities of amino acid sequences of trypsinogen hL to those of trypsinogen I-IV were 75.0, 73.4, 72.2 and 60.0%, respectively. In particular, the sequences around active sites for enzymatic activities, AA/GHCYK, NDIM/LLIKL and DSGGPVV, were found to be highly conserved between all trypsinogens (boxed sequences in Fig. 2 ), suggesting that trypsinogen hL, like other trypsinogens, is a protein belonging to the serine protease family of proteins.
To examine the expression profiles of trypsinogen hL in various tissues, Northern blot analysis was carried out using total RNAs from human heart, brain, placenta, lung, liver, skeletal muscle, kidney and pancreas tissues with labeled trypsinogen hL cDNA (Fig. 3A) . Bands corresponding to trypsinogen hL were strongly detected in the pancreas and moderately detected in the kidney but were not detected in other tissues; the band detected in the pancreas more than 20-fold stronger than that in the kidney. Since homologies of DNA sequences of trypsinogen hL to those of trypsinogen I-IV were 73.3, 72.4, 71.9 and 72.3%, respectively, and the sizes of all of trypsinogen family proteins were the same as or similar to each other, it is possible that the hybridized bands in the pancreas with labeled trypsinogen hL full-sized cDNA are those corresponding to trypsinogen family proteins other than trypsinogen hL or to mixed trypsinogen family proteins including trypsinogen hL. To clarify this possibility, RT-PCR was carried out using polyA ϩ RNAs from human heart, liver, lung and pancreas tissues as templates with highly specific primers for trypsinogen hL (Fig. 3B) . The results showed that b-actin was expressed at similar levels in all of the tissues but that trypsinogen hL was expressed at a level 30-times higher in the lung than in other tissues, including the heart and liver, indicating that trypsinogen hL is specifically or preferentially expressed in the lung.
To identify the position of trypsinogen hL during evolution of serine protease family proteins, the multiple-alignments program using the neighbor-joining method 22) was applied to draw a phylogenic tree. As shown in Fig. 4 , the branch of trypsinogen hL is close to those of trypsinogen I-IV and distinct from those of other serine proteases, including chy- (B) RT-PCR was carried out using polyA ϩ RNAs as templates, which had been extracted from human heart, liver, lung and pancreas tissues and then treated with DNase I, using trypsinogen hL-and b-actin-specific primers. The resulting PCR products were separated by 1.2% agarose gel electrophoresis and visualized under UV-light. Arrows indicate amplified bands corresponding to bands of 320 and 275 bp for trypsinogen hL and b-actin (left and right panels, respectively). Size markers of pUC18 digested with Hinf I are shown on the left sides of the figures. motrypsinogen B, kallicrein and factor IX , suggesting that trypsinogen hL belongs to a new member of the trypsinogen family.
In this study, we cloned a cDNA encoding a novel serine protease, named trypsinogen hL, which is specifically/preferentially expressed in the human lung. Since this enzyme has sequences and expression profile similar to those of trypsinogen family proteins, it might play roles in stimulation of multiplication of influenza and Sendai viruses in the lungs. Studies on the pathophysiological roles of trypsinogen hL in lungs and lung diseases are now under investigation. Vol. 26, No. 3
Fig. 4. Evolutional Tree of Trypsinogen hL
Amino acid sequences of trypsinogen hL and various serine proteases were applied to the neighbor-joining method 22) to draw a phylogenic tree that positions trypsinogen hL during evolution of serine proteases.
